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PURPOSE 

To improve the power output p e r  uni t  weight of a power supply 

fo r  an orbi t ing vehicle, the development of a sealed s i lve r  oxide-cad- 

d u m  battery has been ini t ia ted.  This bat tery development contract 

specif ies  tha t  the requirement of a basic 5 ampere-hour c e l l  capable 

of cycling for  one year a t  a cyclic frequency of 100 minutes, 

t ion t o  cycling, other tes t ing and support development work must be 

performed. 

I n  addi- 

Basically, the other major phases or' work t o  be performed 

are: 

1. The improvement of seals t o  eliminate or minimize leakage 

during cycling and stand. 

2. Separation evaluation s tudies  t o  fmprove the cycl ic  l i f e  

of a s e a l e d  s i l ve r  oxide-cadmium cell.  

3. 

4. 

5 .  

6. 

Eiinimize "Lhe magnetic properties of the cell. 

Establish the dynamic tes t ing levels for  the cel l  design. 

Inprove the power output per uni t  weight. 

Determine the operating character is t ics  and activated stand 

character is t ics  of the c e l l  a t  various temperatures. 

7. Perform t e s t s  t o  evaluate the couple for  extended overcharge 

periods and t o  establish the operating pressure a s  a function of the 

overcharge current. 

- 26 - 
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I. INTRODUCTION 

During th i s  reporting period, r e s t s  were in i t i a t ed  t o  be t te r  

evaluate the cyclic l i f e  capabi l i t ies  of the silver-cadmium system. 

cells used for these tests are of the prismatic ws rectangular configura- 

t ion  a s  described in the Second Quarterly Report t o  USA. 

The 

The following cyclic t e s t s  a r e  presently being performed. 

(1) A 10% depth of dlscharge a t  +80°F a t  an absolute pres- 

sure  of less than 100 microns. 

(2) A 10% depth of discharge a t  +20° F a t  normal atmos- 

pheric pressure. 

(3) A 10% depth of discharge e t  +120° F a t  normal atmos- 

pheric pressure. 

(4) A 10% depth of discharge a t  +GOo P a t  normal atam- 

pher i c press rir e. 

To better evaluate the performance of che silver-cadmium system 

when subjected to very deep discharges, another cycl ic  test vas in i t ia ted ,  

This test consists of a 5 ampere-hour discharge over a 2-hour period, and 

an 18-hour charge a t  a constant voltage 0-2 1.53 volcs per cell  w i t h  the 

current limited to  2.0 aaperes. Since ;he or iginal  capacity of these c e l l s  

was only approximacely 5 ampere-hours and w i &  some capacity loss during 

the i n i t i a l  cycling, t h i s  t e s t  consists essent ia l ly  of an 100% depth of 

dischar &e. 

During th i s  period of work, the magnetic properties of the c e l l s  

were minimized. h l l  materials presently being used i n  the fabrication of 

test cells have minimum magnetic properzies and have been proven su i tab le  

for  long cyclic op-ation. 

- 27 - 
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Cells of the present design were subjected to l i m i t e d  dynamic 

testing. Testing included vibration, shock an3 acceleration a t  levels  

that should normally be adequate, or m r e  than adequate for orbiting 

vehicles. 
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11. DISCUSSION 

A. C e l l  Materials 

1. Pla te  Materials 

The bulk of the e f f o r t  expended during t h i s  reporting period was 

directed towards the design, fabrication, and i n i t i a l  t es t ing  of sealed 

c e l l s  constructed from unformed plates. Since t h i s  concept of cell design 

vas not used i n  previous investigations,  many item had t o  be tested be- 

fo re  a sui table  cell  was fabricated. 

s i l v e r  posi t ive plates  and pasted cadmiun oxide negative plates.  

C e l l s  were fabricated using s intered 

Cells 

using unformed ac t ive  materials can be produced much cheaper than would 

normally be expected. I n  :act, in a productfon run 02 c e l l s ,  the cost  

could be great ly  decreased by -using the uncormed p la t e  construction. 

2. G r i d s  

It was s ta ted i n  the Second Quarterly Report t o  NASA t ha t  two 

new g r i d  materials had been received which m i g h t  possess su i t ab le  e l e c t r i -  

c a l  conductivity and magnetic properties fo r  this par t icu lar  application. 

These two materials w e r e  cupro-nickel and 1% nickel s i lver .  The magne- 

t ic  properties of these materials w e r e  found t o  be excellent. However,  

the  e l ec t r i ca l  r e s i s t i v i t y  of both materials was excessively high. This 

high gr id  resis tance produced a noticeably lower voltage level during d i s -  

charge of the test cells. It was decided, therefore,  t o  use silver gr ids  

on both the posit ive and negative plates. However, i n  a l l  cel l  fabrica- 

t ion,  s t a in l e s s  steel p l a t e  tabs a r e  used as  connectors between the gr id  

and the  terminals. This prohibits the poss ib i l i t y  of complete oxidation 

and subsequent f a i l u r e  of the current-carrying p l a t e  tabs which might oc- 

cur i f  s i l v e r  gr id  or w i r e  w a s  vsed. 

- 23 - 
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3. Terminals, Cans and C o v e r s  

The terminals used i n  a l l  cell construction a r e  machined from 

300 series s t a in l e s s  steel thereby minimizing the magnetic properties. 

The cans and covers used i n  a l l  t e s t  c e l l s  a r e  drawn Era a Type 321 

s t a in l e s s  steel. 

very easy t o  weld. 

This meterial has excellent magnetic properites and is 

4. Terminal Seals 

The seal that has been used on a l l  test cell fabr icat ion has 

been of the Teflon compression %"-ring type. 

the ultimate, it has proven superior t o  avai lable  glass  seals. 

While t h i s  seal is  f a r  from 

Several commercial manufacturers of ceramic seals have been 

approached with the thought of obtaining a ceramic seal tha t  would be 

su i t ab le  for  t h i s  operation. 

are presently being tested i n  an oxygen and KOH atmosphere. 

no vas t ly  superior ceramic seal has been found. However, there  is the  

poss ib i l i ty  t ha t  some or' those seals presently being tested w i l l  prove 

re l iab le .  

Several sample seals have been obtained and 

A t  t h i s  t i m e ,  

Since some di fz icu l ty  was encountered during the l a s t  perliod i n  

obtaining a good terminal seal i n  test c e l l s ,  the  cell cover was redesigned 

to  allow a greater amomt of compression on the  "0"-ring. With these new 

covers, a much be t t e r  seal has been ar'fected and a higher degree of reli- 

a b i l i t y  can now be assured. 

5 .  Separator Materials 

The separators used as an insulat ing membrane i n  the test c e l l s  

fabricated during t h i s  period contained cellophane 2nd various combina- 

t ions of cellophane and RAI separators. 

t es t ing  done during t h i s  quarter indicated tha t  the RAI separation is not  

Past  t es t ing  and the l i m i t e d  

- 30 - 
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superior t o  cellophane ?or normal temperatare cell  usage and has the dis- 

advantage of being very costly. Therefore, a l l  the l a t e s t  test c e l l s  a r e  

fabricated using mul t ip l e  layers of cellophane as  a membrane separator. 

A more thorough examination of separator materials is being con- 

As r e su l t s  a re  obtained, ducted under a basic study for  the Signal Corps. 

they w i l l  be made available to  NAsd. One place where the RAI separation 

may prove vast ly  superior t o  cellophane is a t  the higher temperature 

levels.  Our tes t ing  has indicated tha t  a s  the temperature of operation 

is increased t o  a temperature above 100" F, a rapid deterioration of the 

cellophane is  experienced. It may, therefore, be necessary to add some 

other type separation such as Permion 300 t o  the construction of these 

cells t o  insure long cyclic l i f e  a t  high temperatures. 

B. C e l l  Fabrication Procedure 

With the exception of minor changes i n  techniques tha t  w e r e  nec- 

essary for  the handling 02 the unformed cadmium oxide plate ,  the basic 

c e l l  construction procedxre has remained the same. To u t i l i z e  the unformed 

plates ,  the number of plates  per c e l l  was decreased from seven positives 

and eight negatives t o  :our positives and f ive  negatives. This decrease 

i n  the number of plates  i n  each c e l l  increases the current density during 

discharge. However, Zor the ra tes  for  which t h i s  c e l l  was designed t o  

operate, the voltage difference is very s l igh t .  

One major change that  was made during th i s  reporting period was 

the isolat ion of the negative t e r m i n a l  from the cell  case, Previous c e l l s  

were constructed with the negative terminal grounded t o  the can and an ex- 

ternal terminal s i l ve r  soldered to  the cover. This procedure had one ad- 

vantage over the present construction of two isolated terminals. This 

advantage was that there was only one sea l  t o  perfect. The process used 

- 31 - 
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for  making the negative terminal t o  can connection was a diflr'icult opera- 

t ion  and not conducive to  assembly l i n e  technique. 

terminals a re  isolated r'rom the container is much easier  t o  make and a 

more uniform and re l iab le  cell is the end product. The fabrication pro- 

cedures and controls, which w e r e  previously used i n  a l l  Eagle-Picher dry 

charged bat ter ies ,  have been carried over t o  the Sabrication of the unformed 

p la t e  cells. 

assure that  a r e l i ab le  end product is obtained. The maximum weight d i f -  

fe ren t ia l  t ha t  is allawed i n  the p l a t e  groups of a cell  of the s i z e  that  

is being used for  this operation is 21.0 gms. 

very consistent capacity can be obtained from each cell. 

The cel l  i n  which both 

Each group of p l a t e s  is visual ly  inspected and weighed t o  

Under these controls, a 

C. C e l l  Formation 

To properly form t h e  plates i n  the cell,  it has been found tha t  

a minimum of f ive  charge and discharge cycles a r e  required. 

mation has been done by controlling the maximum voltage drop across each 

cell t o  1.50 vol ts  per ce l l .  The maximum current tha t  has been used for  

formation is 2.0 amperes and the current decreased as  the cell voltage 

reaches 1.5 volts.  

current decreases t o  a level  bel- 50 milliamperes. 

required to  obtain the or iginal  formation is usually about 16 t o  20 hours. 

On each subsequent charge and discharge cycle, the capacity of the cells 

w i l l  increase s l igh t ly  for  the first f ive  cycles and a f t e r  tha t  t i m e ,  level  

off a t  a constant ampere-hour output of approximately 6.5 ampere hours. 

This capacity can be increased by allowing the cells t o  charge for  longer 

periods of t ime.  

a t  1.5 vol ts  constant potential  fo r  approximately f ive  days, the capacity 

of the cell can be increased to  almost 9.5 ampere hours. 

A l l  cell for- 

The cells are considered charged or formed when the 

The time interval  

It has been found tha t  by allawing the cell  t o  charge 

- 32 - 
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Since the charge efflciency is very high a t  a 1.5 vol t  constant 

potential  charge, very l i t t l e  gas is evolved and the internal  pressure of 

the c e l l  is usually very low. 

D. Cell Testing 

1. Testing of Cylindrical "D" Cells 

The cycl ic  tes t ing  of the '3'' cel l  battery was terminated dur- 

ing t h i s  reporting period, 

cycles before a low discharge voltage on one of these c e l l s  was noted. 

A t  t h i s  t i m e ,  a l l  c e l l s  w e r e  removed f r m  the vacuum chamber and individ- 

ually charged. The c e l l s  were then individually discharged t o  establish 

the r a t e  of loss  of capacity as a function of cyclic l i f e .  Table No. IX 

shows the or iginal  capacit ies of the cells and the capacit ies t ha t  w e r e  

obtained from the  c e l l s  during the  1333th discharge. 

that there is no set pattern for  the capacity l o s t  over a def in i te  cyclic 

period. 

of some of these c e l l s ,  the cells were recharged and placed on open cir-  

c u i t  stand. 

c e l l s  s t i l l  possessed an open c i r cu i t  voltage of 1.40 vol ts  or above, thus 

showing a cer ta in  degree of internal shorting. 

a r e  designated by as te r i sks  i n  Table No. IX, were then placed back on 

automatic cycling, and the cycling resumed a t  1331 cycles. 

frequency remains a t  100 minutes with a 40-minute discharge and a 60-minute 

charge. The depth of discharge i s  still 10% or 0.5 ampere-hour output. 

After completing 350 additional cycles, the end OB discharge voltage of 

C e l l  No. 3 was found t o  be below 0.9 vol t  and the test was then temporarily 

halted and this cell  removed. 

The nine-cell bat tery had completed 1329 

The table  a l so  shows 

To further evaluate the reasoning for the extreme loss  i n  capacity 

After an open c i r cu i t  stand of 20 hours, only four of the 

These four cells, which 

The cycl ic  

The discharge load was reset t o  maintain a 

- 33 - 
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10% depth of discharge and the cycling continued. 

cells have completed 1797 cycles to date with no indication of fa i lure .  

A "post mortem" was performed on a l l  c e l l s  which had been re- 

The remaining three 

moved from t h i s  test. I n  each case, a def in i te  breakdown i n  the separa- 

t ion  was noted, and i n  every case, t h i s  breakdawn i n  separation occurred 

a t  the point of connection of the tab t o  the  plate. I n  cylindrical  cell 

construction, it appears that  this point of connection must be more 

heavily separated to  compensate for any possible roughness a t  points of 

high current density operation. 

2. 

One battery consisting of ten rectangular cells connected in  

series was subjected t o  cycling tes t ing a t  a temperature of 20 ?s. 1" F. 

This test, which i s  being performed a t  atmospheric pressure, consists of 

removing 0.5 ampere-hour i n  a 40-nfnute t i m e  in terval  and charging a t  a 

modified constant current, constant voltage of 1.5 vol ts  pe r  c e l l  for  60 

minutes. 

discharge with no indication of any c e l l  f a i lu re  or  i r regular i ty .  

Cyclic T e s t  a t  +Zoo F 

To date, t h i s  bat tery has completed 910 cycles of charge and 

The c e l l s  of which this bat tery is comprised were fabricated 

using the standard dry-charged plates. 

The battery is monitored dai ly  and the end of charge and d i s -  

charge cell voltages a r e  recorded. 

voltages have remained very consistent throughout the e n t i r e  test a s  can 

be seen i n  Table No. X. However, there has been a s l igh t  decrease i n  the  

operating voltage of the battery. 

charge voltage of the bat tery during i ts  i n i t i a l  discharge cycle and also,  

during i ts  910th discharge cycle. 

seen tha t  there is a def in i te  1 O S S  of divalent oxide voltage over th i s  

- 34 - 
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l imited number of charge and discharge cycles. 

oxide voltage level was anticipated since the charging of the c e l l s  i s  

controlled a t  a voltage that  is  low enough t o  prohibit  the formation of 

any appreciable amount of the higher oxide during these short  charge in- 

tervals.  

h i s  decay of the divalent 

3. 

A bat tery consisting of 10 series connected rectangular type 

Cyclic Testing a t  120° F 

sealed silver-cadmium c e l l s  was subjected t o  cycl ic  tes t ing  a t  120 f 2' F. 

The test, which was conducted a t  atmospheric pressure, consisted of a 40- 

minute discharge and a 60-minute charge, 

0-5 ampere-hour was removed. 

vo l t s  per cell,  or 15 vol t s  for  the entire 10-cell battery. 

r en t  is limited to  a maximum of 2 amperes, with the current decreasing as  

maximum battery voltage was reached. 

During the discharge interval ,  

The charge voltage was controlled a t  1.50 

Charging cur- 

During the l i f e  of the test, the end of charge and end of dis- 

Table No. XI shows the end of charge voltage of each c e l l  was recorded. 

charge and discharge voltages as they were recorded. 

these charge and discharge voltages varied greatly i n  some c e l l s  while 

others remained f a i r l y  constant throughout the test, 

It can be seen tha t  

After completing 624 charge and discharge cycles, the end of 

charge voltage of C e l l  No. 41 was very low and it  was apparent tha t  the 

cell had a small internal  short. Because or' t h i s  law cell voltage, the 

test was temporarily h a l t e d  while C e l l  No. 41 was removed from the bat tery 

package. 

charge and discharge c i r cu i t  re-adjusted, the bat tery was on open c i r c u i t  

stand a t  room temperature, After the battery had been on stand overnight 

a t  the room temperature, a routine check of the cell open c i r c u i t  voltages 

While the c e l l  was being removed from the battery,  and the 
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was made. 

other cell was a l so  law. 

cells revealed severe deterioration of the separators. It was decided 

a t  t h i s  t i m e  t o  leave the remaining cells on open c i r c u i t  stand and t o  

monitor the open c i r c u i t  voltage periodically. 

stand period of approdmatelp 46 hours, a l l  but two of the c e l l s  had 

shown a decrease i n  open c i r c u i t  voltage. 

"post mortemed" and a similar deterioration of the separator was noted. 

It was found a t  this time tha t  the open c i r c u i t  voltage of one 

A "post mortem" of the  two minutely shorted 

After an open c i r c u i t  

The remaining cells w e r e  then 

The separation u t i l i zed  i n  the construction of these cells con- 

sisted of four wraps of 600 Cellophane and one wrap of RAI Permion 300. 

The inert separation next t o  the positive material was woven nylon. 

"post mortem" revealed tha t  while the cellophane had almost completely 

deteriorated,  the Permion vas st i l l  f a i r l y  strong but completely coated 

with silver, and electronical ly  conductive when dry. 

The 

Figure No. XVI is a gaph  of bat tery voltage versus t i m e  fo r  two 

discharges tha t  w e r e  made during the cycling a t  120° F, 

that the decrease i n  divalent oxide voltage was much m o r e  rapid and oc- 

curred over many ?ewer cycles that  it d id  a t  20" F. 

It can be noted 

4. 

This test is being performed on a 10-cell bat tery tha t  was i'abri- 

The cells were formed and subjected t o  approx- 

80' F C y c l i c  T e s t  i n  Vacuum Chamber 

cated from unformed plates. 

imately ten conditioning cycles pr ior  t o  the start  of t h i s  test. The 

ba t te ry  was  placed i n  a vacuum chamber ancl the chamber connected t o  a 

mechanical vacuum pump. The absolute pressure t h a t  is maintained in the  

vacuum chamber is less than 100 microns or' mercury absolute. The cyc l ic  

frequency of the bat tery is 100 ninutes w i t h  a 40-minute discharge ancl a 

60-minute charge. The depth of discharge is la, or  an output of 0.5 

- 3G - 
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ampere-hour. 

end-o f - d i s  char ge vol t a ges . 
Daily recordings are taken 02 che c e l l  end-of-charge and 

Table No. XI1 shows the end-of-charge and end-of-discharge volt-  

ages a t  the end of various cycles. 

discharge cell voltages have remained qui te  consistent throughout the 

entire tes t ing to  date. 

one cell beghs  t o  f a i l  at which t i m e  the other c e l l s  w i l l  accept a greater 

charging voltage. 

The table  shows tha t  the charge and 

It is f e l t  t h i s  consistency w i l l  continue u n t i l  

Figure No. XVII is a graph of the bat tery voltage versus t i m e  

for the 1st and 615th discharge of t h i s  battery. During the f i r s t  d i s -  

charge cycle, the en t i r e  battery voltage was maintained a t  the divalent 

oxide level. A f t e r  615 cycles, the divalent ox ide  level  of voltage has 

decreased t o  almost 25% 02 the t o t a l  discharge. This indicates that  the 

charging t i m e  in terval  is not lang enough t o  completely charge the cell. 

On the i n i t i a l  charge and discharge cycle, the output or' the  bat tery 

great ly  exceeded tha t  which could be replaced i n  the 60-minute charge 

interval.  

put . 
After 615 cycles, the input tias s l i gh t ly  larger  than the out- 

5. 5 Ampere-Hour Cyclic T e s t  

To evaluate &e silver-cadmium system Zron the standpoint or' 

very deep depths of discharge, a cyclic test was s t a r t e d  that  would allow 

a discharge of 5 ampere-hours Over a two-hour period, and a recharge con- 

s i s t i n g  of 13 hours of modified constant potential  charging a t  1-50 vol ts  

per cell. 

pressure. 

discharge cycle, only limited inr'ormation is available a t  t h i s  t i m e .  

This test is being conducted a t  80" F and a t  normal atmospheric 

Because of the extended t i m e  interval  t o  complete a charge and 
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Table No. X I 1 1  shows the end-of-charge and end-of-discharge 

voltage of each of the c e l l s  i n  the battery. Mhile there  has been some 

s l i g h t  var ia t ion i n  the end-of-charge voltage, and a s l i gh t  decrease i n  

the end-of-discharge voltage, as a whole the voltages have remained very 

cons taut .  

F i p r e  No. X V I I I  i s  a graph 02 bat tery voltage versus t i m e  for 

the 1st and 54th discharge 02 this battery. 

the bat tery divalent oxide voltage has ac tua l ly  increased over these 

longer charging intervals .  

creased but only s l i a t l y .  

These two curves show tha t  

A t  the same t h e ,  the discharge voltage has de- 

The c e l l s  i n  t h i s  battery vere  fabricated from mformed plates.  

It is f e l t  t ha t  the cycl ic  l i f e  of t h i s  ba t te ry  w i l l  be a function wholly 

of the  liZe of the separation. 

E. C e l l  Dyna mic Testing 

During t h i s  reporting period, l imited dynamic t e s t ing  was per- 

formed on s ingle  ce l l s .  

should, however, be i n  excess 04 t ha t  encountered during the launch phase 

The dynamic t e s t ing  v7as conducted a t  a level which 

of an orbi t ing vehicle. The 

jected are a s  r'ollows: 

(1) Vibration 

Frequency 

5 t o  20 cps 
20 20 500 sps 

500 t o  2000 cps 

Rote: T3Zal sacep 

t e s t s  t o  which the sipgle cells were sub- 

G Farce o r  
Double Amplitude 

0.5 inches 
10 2 
15 G 

citie b r  eech plane vas 15 ninutes.  
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(2) shoc!; 

T i s e  each 
Plane G ilorce 

(3) Acceleration 

Tine each 
Plane G Force 

15 min. 50 g 

Durtng a l l  dynzmic testing, the  sells were being disc1iar:ed a t  

a c m s t a n t  resistance 05 1.45 03m. 

corded . 
Cell voleages an2 cmrents  were re- 

I n  addition to  -;he aSove mentioned tests, the  c e l l s  v 7 e r e  sub- 

jected t o  30 minctes of constant accelcration a t  a 150 ; Zorce level with 

the  terminals oct. Tliis is by Bar the vorst position for operation since 

the  electrolyte  cocld be 2orceJ k o x  the  plates  co t he  void zround the 

terminals 2nd thus ca lse  a shortage 02 e lec t ro ly te  ?or operation. 

ViLraZhn, shock and a c e l e r a t i o n  were perforned in a l l  three 

perpendicclar planes end no adverse azzeects Crom the tes t ing  was noted. 

During iAe next reporting p e r i o d ,  a conplete 10-cell bat tery 

w i l l  be subjected t o  the  same level d dTpanic tes t ing  and s ingle  cells  

w i l l  be tested t o  higher levels t o  determine the  l i m i t  02 the  design. 

F. Perforuance of the  Silver-Cadmium Couple 

1. Introduction 

It has become apparent that the silver oxide-cadmium system can 

be divided in to  two def in i te  subsystems. The optimum system would u t i l i z e  

the  potent ia l  energy avai lable  from '00th the  hi$er and lower oxide states 

of silver. The second system would operate only a t  Che lower capacity 

potent ia l  of the  posi t ive plate.  
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Unfortunately, continuous operation of a sealed c e l l  u t i l i z ing  

the power potential  from the  hi$er oxide s t a t e ,  or divalent s i l ve r  oxide 

level ,  multiplies the inherent problems associated with obtaining long 

cycl ic  l i f e  of a sealed c e l l  assembly. 

The lower state of s i l v e r  oxidation, or  monovalent oxide has 

def in i te  advantages from the  standpoint of increased cyclic l i f e  and ex- 

ce l l en t  voltage control, a t  the sacr i f ice  of capacity. 

2. The Divalent Silver Oxide-Cadmium Svstem 

I n i t i a l  investigation of sealed cells u t i l i z ing  the maxim 

potential  power 02 the divalent s i l ve r  oxide revealed several inherent 

problems. The most signi2icant problen vas the fac t  tha t  the charging 

of the posit ive p l a t e  2rom the monovalent oxide state to  the divalent 

oxide state is less efzicient  than 'the oxidation from metall ic s i lver  to  

monovalent silver oxide. 

of oxide, oxygen is  evolved. 

t ion  can be achieved, excessive oxygen pressures a r e  developed even a t  

low ra t e s  of charge. This reconbination can be achieved by increasing 

the area of cadmium p la t e  and by operating the cell  i n  a semidry s ta te .  

This condition, however, i s  fnconsuent with long cyclic li2e and high 

output per un i t  weight. To increase the available cadnium area €or re- 

combinat€on, a greater number of th in  plates  must be used, thus increas- 

ing the r e l a t ive  amount of inactive matertal such as  grids and separators. 

During the charging process to the higher s t a t e  

Unless a re la t ive ly  high r a t e  of recombina- 

However, by compromising the design 0: produce a medium high 

output and recombination a t  approximately the 40-hour ra te ,  a 10 ampere- 

hour cell can be Zabricated tha t  w i l l  produce approximately 25 watt-hours 

per  pound. 

trill produce only approximately 16 watt-hours per pound. 

The same cell ,  when operating a t  the monovalent oxide level,  
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Since an appreciable part of the weight of the c e l l  i s  the 

heavy container, these Eigures can best  be compared on the basis of 

theoretical  capacity 0 2  Che positive plate.  Table No. IX shows the 

comparison of two ident ical  c e l l s  with respect t o  energy output. These 

cells w e r e  fabricated t o  extremely close tolerances with each cell con- 

taining the same amount of sintered s i lver ,  

charged a t  the recorded voltages for 16 hours and discharged a t  a constant 

2.0 ampere rate.  

output superority vhen ehe c e l l  is operated a t  the divalent oxide level. 

The s l igh t  loss of capacity that  can be seen a f t e r  the second cycle may 

be accounted for by a s l igh t  loss of s i lver  t o  the separators. This is  

commn i n  a l l  c e l l s  regardless of the charging potential. However, this 

s l i g h t  decrease w i l l  continue r‘or only about 20 cycles and then the r a t e  

of decrease becomes negligible. 

The cells w e r e  individually 

A comparison of the results shows the def in i te  power 

The pressure different ia l  i n  the &TO cells v7as considerable. 

The c e l l  charging a t  1.50 vol ts  maintained an intent21 pressure of less 

than 20 psi a t  a l l  t i m e s ,  while the pressure 02 the cell charging a t  1.70 

vol ts ,  was a t  times i n  excess of 300 psi. 

def in i te ly  undesirable, the extra power output does appear t o  warrant 

m o r e  investigation. 

While this high pressure is  

3. The Monovalent Silver Oxide-Cadadma System 

The monovalent s i l ve r  oxide-cadmium system appears t o  have a 

greater potential  for  achieving long cyclic l i f e .  Apparent advantages 

tha t  the monovalent s i l ve r  oxide-cadmium system has for  achieving long 

cycle l i f e  a r e  as follows: 

a. Operating a positive p l a t e  a t  its lower s t a t e  of oxidation 

should extend separator l i f e  due t o  its lower oxidation potential .  

- 41 - 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t. Since the oxidation of s i l ve r  t o  the monovalent state is 

exceptionally e f f ic ien t ,  the  cell would operate a t  a low internal  pressure. 

c. Maintaining the positive p la te  a t  the lower state o? oxida- 

t ion would increase the plate 's  w t r i x  s t r u c t u e  thus minimizing the shed- 

ding of act ive materials. 

d. By controlled charging, an extremely f ine  discharge voltage 

control can be achieved. 

These advantages appear t o  indicate  that the preferable couple 

would be the monovalent s i l ve r  oxide-cadmium system. However, the system 

per se does not neet clie requirements of a t ru ly  sealed system where re- 

conbination is essent ia l  for  opera'cion. A standard p las t ic  case c e l l ,  

f i t t e d  with a lm pressure r e l i e f  valve (15-20 psi) should be capable 

of performing i n  any atmosphere, a s  long as the charging voltage is con- 

t ro l led  t o  1.50 vol ts  maximtsn. 

3. Recommenchtions 

It is f e l t  that basic research should be performed t o  be t te r  

evaluate and conpare the two basic silver-cadmiuu systems, especially 

with respect t o  the l r  maximrun czpabi l i t ies .  

t ha t  both systems have a defini te  place i n  the family 05 mili tary power 

supplies. 

It is more than conceivable 
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111. m a y  

1. Cyclic tes t ing of c e l l s  fa t r ica ted  r'rorn unformed ac t ive  Daterials 

was in i t ia ted .  

2. Cyclic tes t ing of a ten cell ta tkery at: 20 k 2" E' was i n i t i a t e d  

and has completed 910 cycles to  date. 

3. C y c l i c  tested oE a ten cell bat tery a t  120 k 2O E' vas terminated 

a f t e r  624 cycles due t o  a couplete breakdown i n  separation. 

4. Three '3" c e l l s  have completed 1797 cycles a t  a depth of dis- 

charge of 10%. 

5 .  The magnetic properties of a l l  t e s t  cells have been minimized 

through the selection of applicable components. 

6. Single cells have been subjected to  l i m i t e d  dynamic testing. 
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I V ,  PROGRAI-i OF VOPX FOB !i”E FOURTH CUARTEt  

The 2ollowing is a list 02 investigations to he xade durtnp, 

the Einal querter of this contract. 

1 .  Procure and test ceramic seals from various commercial 

rjanuzacturers . 
2. Dynamically test a complete t e n  c e l l  battery 02 the f inal  

iiesign to the test levels explained in this report. 

3. Per2orn single cell dynamic testing a t  a h i9er  level to 

determine the Zailure l imit .  

4. Ini t iate  2urther separation studres Tor the evaluation oE 

nm7 separator materials. 

5. Continue the cycle l i 2 e  strt3ies chat have begun during the 

third qxarter. 
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V. DISTRIBUTION OF ENGINEERING HOURS AND MATERIALS 

The foliating is a list 02 engineering personnel and technicians 

associated vith this contract,  the hours of work performed by each, and 

the  cos t  of materials purchased during the  t h i r d  reporting period: 

NAME TITLE HOURS 

Morse, E. Senior Engineering Supervisor 59 

Sieglinger,  F. Project Engineer 150 

Dittmann, F. Battery Engineer 113 

Broglio, E. Battery Engineer 33 

Cal l ,  D. Battery Engineer 512 

George, J. Battery Engineer 77 

Carr, D. Technician 538 

Cook, A. 543 Technician - 
TOTAL . . 2,020 

Purchased Material Costs . . . . . . . . . . . . $ 2,001.42 
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TABLE NO. IX 

CELL CAPACITY COMPARISOH - “D” CELLS 

Cell No. Original Capacity Capacity After Percent 
(Amper e-Hour s) 1329 Cycles Capacity 

(Ampere-Hours) Lost 

*3 4.70 3.40 27.7 

4 4.80 2.40 50.0 

6 4.90 3.10 36.7 

7 4 .90  2.30 53.1 

8 5.10 2.60 49.0 

11 4.60 3.55 22.:: 

*12 4..  70 4.10 12.7 

+16 4.40 4.. 05 7 . 3  

*19 4.. 30 4.56 5.1 
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TABLE NO. X 

END-OF-QIARGE AND DISCHARGE CELL VOLTAGE - 20" F 
- 

46 47 4:: 49 50 51 52 53 54 55 CYCLE 
NO I 

1 

58 

204 

302 

403 

<n/, 
4"- 

605 

706 

807 

922 

1.50 

1.03 

1.50 

1.08 

1.50 

1.08 

1.50 

1.07 

1.50 

1.07 

1.50 

1.06 

1.50 

1.06 

1.50 

1.06 

1.50 

1.06 

1.50 

1.05 

1.49 

1.08 

1.50 

1 .os 

1.50 

1.02 

1.51 

1.07 

1.515 

1.06 

1.515 

1.36 

1.50 

1.06 

1.50 

1.06 

1.51 

1.06 

1.51 

1.06 

1.50 1.59 1.51 

1.OC 1.93 1.03 

1.50 1.49 1.51 

1-08 1.02 1.03 

1.50 1.50 1.50 

1.0: 1.03 1.07 

1.50 1.51 1.50 

1.07 1.07 1.06 

1.50 1.50 1.50 

1.07 1.07 1.06 

1.50 1.50 1 - 5 0  

1.06 1.07 1.06 

1.50 1.50 1.49 

1.06 1.06 1.06 

1.49 1.50 1.50 

1.06 1.OG 1.05 

1.49 1.50 1.50 

1.G6 1.06 1.06 

1.49 1.49 1.49 

1.06 1.06 1.05 

1.50 

1.09 

1.50 

1.08 

1.51 

1.08 

1.50 

1.07 

1.505 

1.07 

1.50 

1.06 

1.49 

1.06 

1 .SO 

1.06 

1.49 

1.06 

1.49 

1.OG 

1.50 

1.03 

1.50 

1.08 

1.49 

1.08 

1.51 

1.07 

1.51 

1.07 

1.50 

1.06 

1.50 

1.06 

1.50 

1.OG 

1.49 

1.06 

1.50 

1.06 

1.51 

1.02 

1.50 

1.08 

1.50 

1.08 

1.51 

1.07 

1.51 

1.07 

1.52 

1.06 

1.51 

1.06 

1.51 

1.06 

1.51 

1.06 

1.51 

1.06 

1.49 

1.0s 

1.49 

1.08 

1.50 

1.08 

1.50 

1.07 

1.51 

1.07 

1.52 

1 .OG 

1.51 

1.06 

1.51 

1.06 

1.51 

1.06 

1.51 

1.06 

1.50 

1.08 

1.50 

1.03 

1.49 

1.03 

1.50 

1.06 

1 .so 
1.06 

1.50 

1.06 

1.50 

1.06 

1.49 

1.05 

1.50 

1.06 

1.50 

1.05 
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TABLE NO. XI 

END-OF-CHARGE AND DISCHARGE CELL VOLTAGE - 120" F 

CYCLE 36 37 33 39 40 41 42 [!.3 44 45 
NO. 

1 

102 

267 

305 

406 

4.93 

609 

1.50 

1.12 

1.49 

1.10 

1.43 

1.10 

1.64 

1.39 

1.44 

1.10 

1.43 

1.09 

1.43 

1.09 

1.52 

1.12 

1.54 

1.10 

1.61 

1.10 

1.46 

1.10 

1.64 

1.08 

1.G4 

1.09 

1.64 

1.09 

1.49 1.51 1.43 1.50 1.50 1.49 1.52 1.49 

1.12 2.12 1.11 1.12 1.11 1.12 1.12 1.12 

1.45 1.53 1.4s 1.52 1.49 1.48 1.54 1.47 

1.10 1-10 1.10 1.10 1.10 1.10 1.10 1.10 

1.44 1.60 1.44 1.59 1.43 1.46 1.65 1.4-4 

1.10 1.10 1.10 1.10 1.10 1.10 1-10 1.10 

1.44 1.M 1.46 1.56 1.66 1.45 1.45 1.44 

1.10 1.10 1.10 1.09 1.10 1.10 1.10 1.09 

1.44 1.51: 1.62 1.63 1.44 1.44 1.44 1.43 

1.10 1.0s 1.07 1.06 1.10 1.10 1.10 1.10 

1.44 1.44 1.43 1.59 1.64 1.44 1.59 1.44 

1.10 1.09 1.09 1.07 1.OG 1.09 1.07 1.10 

1.43 1.45 1.57 1.22 1.56 1.44 1.57 1.64 

1.09 1.08 1.04 1.07 1.07 1.09 1.09 1.04 
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TABLE NO. XI1 

END-OF-CHARGE AND DISCHARGE CELL VOLTAGE - VACUUM TEST 

11 12 13 14 15 15 17 13 19 20 CYCLE 
NO. 

18 

103 

204 

306 

408 

512 

601 

1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

1-08 1.08 1.03 1.02 1.OG 1.03 1.08 2.08 1.03 1.03 

1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

1.08 1.08 1.03 1.06 1.03 1.08 1.03 1.08 1.OC 1.02 

1.50 1.49 1.51 1.50 1.50 1.49 1.50 1.51 1.50 1.50 

1.08 1.08 1.08 1.03 1.08 1.08 1.08 1.08 1.08 1-08 

1.50 1.50 1.49 1.49 1.51 1.49 1.50 1.51 1.51 1.50 

1.03 1.08 1.08 1.08 1.05 1.03 1.08 1.08 1.08 1.08 

1.51 1.51 1.50 1.49 1.50 1.49 1.50 1.50 1.50 1.50 

1.08 1-08 1.08 1.08 1.08 1.03 1.08 1.08 1.03 1.08 

1.51 1.50 1.51 1.49 1.50 1.49 1.51 1.50 1.50 1.49 

1.08 1.02 1.03 1.08 1.08 1.0s 1.08 1.08 1.08 1.08 

1.51 1.51 1-51 1.49 1.50 1.49 1.49 1.50 1.51 1.49 

1.08 1.08 1.08 1.06 1.08 1.08 1.08 1.08 1.08 1.08 
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TABLE NO. XI11 

END-m-CEARGE AND DISCHARGE CELL VOLTAGE - 1OOZ DEPTH 

1 2 3 4 5 6 7 8 9 10  CYCLE 
NO. 

1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.51 1.49 1.50 

1.04 1.04 1.04 1.03 1-04  1.04 1.04 1-04  1.03 1.04 

12 1.54 1.55 1.46 1.50 1.46 1.52 1.46 1.54 1.53 1.46 

1.04 1.04 1.04 1.05 1.03 1.04 1.04 1.04 1.04 1.03 

24 1.50 1.49 1.50 1.51 1.52 1.49 1.51 1.50 1.50 1.49 

1.04 1.03 1.04 1.03 1.04 1.03 1.04 1.04 1.04 1.04 

30 1.49 1.50 1.50 1.51 1.49 1.43 1.51 1.49 1.50 1.52 

1.03 1.03 1.04 1.03 1.04 1.02 1.94 1 .04  1.03 1.04 

43 1.42 1.43 1.49 1.53 1.52 1.43 1.52 1.50 1.50 1.53 

1.03 1.02 1.03 1.04 1.04 1.00 1.03 1.03 1.03 1.03 
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TABLE NO. XIV 

Cycle C e l l  Weight 3f Charging Output Theoretical Percent 
No. Na. Sintered Vdtage (A.H.) Divalent Si lver  Ezficiency 

Si lver  Oxide Output (A.B,) 

1 1 

1 2 

2 1 

2 2 

3 1 

3 2 

4 1 

4 2 

5 1 

5 2 

50.2 gins. 

50.2 p s .  

50.2 gms. 

50.2 ~LUS. 

50.2 gms. 

50.2 m. 
50.2 gms. 

50.2 gms 

50.2 sas. 

50.2 p s  

1.50 

1.70 

1.50 

1.70 

1.50 

1.70 

1.50 

1.73 

1.50 

1.70 

10. GO 

1G. 40 

11.55 

19.01 

11.4G 

1 s . 91:. 
lt?. 74 

13. (33 

10.05 

1 G .  10 

21.59 

21.59 

21.59 

21.59 

21.59 

21.59 

21.59 

21.59 

21.53 

21.59 

49.2 

i35.5 

53.5 

32.2 

53.2 

38.0 

49 .8  

G6.5 

4s . 7 
34.0 


